The general design work for the FAIR storage rings was continued and is documented in the Technical Design Reports of the different storage rings, which will be published after evaluation by external committees [1]. Technical details of the rings have been worked out. Design of subsystems focussed on the proposed German in kind contributions, i.e. stochastic cooling systems for CR and RESR, rf systems for the CR and all the subsystems and interfaces which are common to all accelerators of FAIR. The latest status of the ring design was communicated to the civil construction division and to the external companies which are working on all civil construction issues. A new concept for the buildings which will accommodate the storage rings and the technical systems which are needed for the operation of the storage rings is in preparation.
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Ion Optical Design
Although the basic ion optical design of the storage rings is fixed, still various details are investigated which either simplify the rings or which are needed to achieve the required large acceptance of the storage rings. For the CR the studies were focussed on the the dynamic aperture that can be achieved for this large acceptance storage ring. In particular, interference effects due to the large gap size and the small distance between the main ring magnets were studied in order to determine the appropriate higher order corrections [2] .
Figure 1: Calculations with the frequency map method to determine the dynamic aperture of the RESR. The stability of beam orbits for a particle circulating with a momentum offset of ∆p/p = 1.0 % in the RESR is represented by a color code. Unstable particle motion occurs in the red colored regions.
For the accumulation of antiprotons in the RESR many details of ion optical parameters, particularly the transition energy of the ring, had to be readjusted in the process of the design of the stochastic cooling system. The performance of this cooling system is strongly linked to the ion optical properties of the RESR and the lattice has to support the accumulation process. The RESR lattice was investigated for a variable transition energy (γ t = 3.3−6.4) and a large momentum acceptance (∆p/p = ±1 %) and moderate transverse acceptance (ǫ x,y = 25 mm mrad). For the design tunes Q x = 3.12 and Q y = 4.104 the dynamic aperture was calculated taking the higher order field components of the individual magnets into account (Fig. 1) . These simulations are aiming at the reduction of higher order resonances by proper choice of the working point and addition of higher order correction magnets.
Stochastic Cooling

Stochastic Cooling Developments for the CR
The hardware developments for the stochastic cooling system of the CR have reached an advanced stage showing that important system parameters can be achieved. The new slotline pick-ups are integrated into modules which can house 8 slotline electrodes on the front side and signal combination circuits on the rear side, both for the beam signal and for switchable test signals. Design drawing of the prototype tank of the stochastic cooling system for the CR. The electrodes can be moved by linear motor drives. Electrodes and amplifiers inside the tank can be cooled by cold heads.
A prototype vacuum tank was manufactured and is being prepared for testing (Fig. 2) . It can house two rows of eight modules, giving a total of two times 64 slotline electrodes. The tank can be equipped with 4 times 2 movable drives which are used for keeping the electrodes as close as possible to the beam during the cooling process. This is beneficial for antiproton beams which are only singly charged, as well as for low-intensity rare isotope beams which require fast cooling due to their short lifetime. The key components of the drives are linear servo motors. The servo drives are freely programmable to get mechanical movement profiles, which follow the beam during the cooling process according to the reduction of emittance. These conditions vary along the length of the tank. When cooling is finished, the electrodes must be moved out in shortest possible time. This requires jerk free movement profiles producing as little mechanical vibration as possible. Eventual vibrations are measured using 3D accelerometers. The electrical control loops for the motor drives are optimized on a customized test bench.
The pick-up electrodes will be operated at cryogenic temperatures around 20 K in order to reduce thermal noise to a minimum. All necessary helium refrigerators have been purchased. The heat is transferred across silvercoated copper-beryllium foils similar to those which were successfully applied at CERN over many years. A gilded copper shield at roughly 80 K will be installed between the inner surface of the tank (at about 300 K) and the cold electrodes. The gold surface minimizes the thermal emissivity. The necessary galvanization procedures were tested successfully.
Antiproton Accumulation System in the RESR
The proposed accumulation system for antiprotons in the RESR comprises various subsystems. Three longitudinal cooling systems will be needed, two for cooling of the tail and the acceleration of the antiprotons towards the stack which operate in the frequency range 1-2 GHz, and a third one for cooling of the core of the intense stack operating in the frequency band 2-4 GHz. Two moderate power transverse cooling systems should preserve the small emittance of the stack. The main activities were devoted to the definition of the longitudinal cooling system. The injected beam from the CR will be accelerated by the rf system from the injection orbit (momentum offset ∆p/p = −0.8 %) to the deposit orbit (∆p/p = 0 %) were the tail cooling system acts. The tail cooling system continuously drives the particles towards the stack orbit (∆p/p = +0.8 %). At the stack orbit the core cooling system forms an intense core of up to 1 × 10 11 antiprotons with an accumulation rate of 1 × 10 7 antiprotons/s. This is consistent with the cooling time of 10 s for a bunch of 1 × 10 8 antiprotons in the CR. The performance and the required parameters of the RESR cooling system have been determined in computer simulations. The simulations take the ion optical parameters of the RESR into account and allow an optimization of the ring lattice with respect to efficient accumulation. The electrode design is optimized for fast accumulation, but also takes into account that rare isotope beams will be decelerated in the RESR, which gives constraints on the geometry of the electrodes. A power of the order 100 W for the tail cooling and of the order 100 mW for the core cooling system will provide the necessary cooling rate. The longitudinal distribution of the antiprotons after accumu- lation over 1000 stacking cycles according to the simulations is shown in Fig. 3 together with the geometrical arrangement of the various electrodes. For less than 1 × 10
11
antiprotons the simulations predict no significant heating by intrabeam scattering. A reduction of the cooling rate due to feedback by high intensity stacks will be minimized by proper electrode design.
NESR Design
The basic concept of the NESR, with four 18 m long straight sections for experimental installations, and the ion optical structure of the NESR remained unchanged.
A new concept has been adopted for the collision region with high energy electrons, the so-called bypass section. By switching off the main dipoles adjacent to this straight section the beam is displaced by about 2.2 m horizontally outside of the normal straight section. After the decision to use normal-conducting dipoles the problem to pass the undeflected ion beam straight through the magnet is no longer obstructed by the cryostat for the dipole coil. Although two additional large dipoles are needed in order to deflect the ion beam into the bypass section, the optics for merging and focussing of the two colliding beams is considerably simplified compared to the previous scheme. The bypass offers easier access for the installation of a magnetic spectrometer for high energy electrons and equipment detecting collision products. Special components, like a high harmonic cavity to bunch the rare isotope beam for the collision mode, can also be installed in the bypass. The concept for the ring building and for the installation of technical systems has been modified accordingly.
